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Current blinking2,3,4
Outline
1. Sample preparation
2. Control of transport mechanism
3. Visualization of current flow
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Plasma synthesis of ZnO NCs
7
Argon + Zn(C2H5)2 + O2
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NC deposition by supersonic impact
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Surface preparation by atomic layer 
deposition
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Al2O3 coating reduces ZnO superficially
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ZnO coating adjusts interparticle contact 
radius
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An alternative way of calculating contact 
radius
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Comparison between methods
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Contact radius controls carrier mobility
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Longitudinal mobility and 
carrier concentration from 
Hall Effect measurements
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Calculated contact resistance
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Intermediate conclusions
• Coating of ZnO nanocrystals with Al2O3 by atomic 
layer deposition results in a reduction that 
increases the carrier concentration.  
• The electron transport mechanism can be 
controlled by coating the ZnO nanocrystals with a 
small amount of ZnO by atomic layer deposition.  
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Visualization (model and experiment)
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Model NC assembly
20
1. Kulkarni, P.; Biswas, P. A Brownian dynamics simulation to predict morphology of nanoparticle deposits in the presence of interparticle
interactions. Aerosol Sci. Tech. 2004, 38, 541-554.
2. Madler, L.; Lall, A.; Friedlander, S. One-step aerosol synthesis of nanoparticle agglomerate films: simulation of film porosity and thickness. 
Nanotech. 2006, 17, 4783-4795.
3. Hogan, C. J.; Biswas, P. Porous film deposition by electrohydrodynamic atomization of nanoparticle sols. Aerosol Sci. Tech. 2008, 42, 75-85.
4. Chen, Q.; Guest, J.R.; Thimsen, E., Visualizing Current Flow at the Mesoscale in Disordered Assemblies of Touching Semiconductor 
Nanocrystals. In Preparation.
21
0 5 10 15 20
0
50
100
150
200
 
 
C
o
u
n
ts
Number of donors in nanocrystal
-10 -8 -6 -4 -2 0 2 4 6 8 10
0
50
100
150
200
250
 
 
C
o
u
n
ts
Net particle charge / e
1. Skinner, B.; Chen, T.; Shklovskii, B. I. Theory of hopping conduction in arrays of doped semiconductor nanocrystals. PRB 2012, 85, 205316.
2. Chen, Q.; Guest, J.R.; Thimsen, E., Visualizing Current Flow at the Mesoscale in Disordered Assemblies of Touching Semiconductor 
Nanocrystals. In Preparation.
Equilibration
Calculated resistor network (T=38 K)
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Simulated CAFM current maps
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Ohmic contact
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Current overlay at T=296K
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2 µm
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Experimental maps
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Blinking (T=38K)
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Conclusions from visualization
• The model of Skinner, Chen and Shklovskii is an 
excellent starting point for understanding charge 
transport in large numbers of nanocrystals that 
display an ES-VRH mechanism.  
• We have observed SUBNETWORKS of uniformly 
higher resistance that appear to be connected to 
the conduction backbone by a tenuous high 
resistance link.
• The network displays dynamics that result in large 
regions both joining and disconnecting from the 
network.
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Also works for other materials…
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